Background Few large-scale epidemiologic studies evaluate the clinical and economic burden of appendicitis. These data may impact future research and treatment strategies. In this study, the objective was to determine the burden of appendectomy for appendicitis in terms of incidence rates, length of hospital stay (LOS) and hospital costs on a national level. In addition, outcomes were compared for subgroups based on surgical treatment, age and hospital setting. Methods Observational retrospective population-based cohort study using the national Dutch healthcare reimbursement registry, which covers hospital registration and reimbursement for 17 million inhabitants. Patients with a diagnosis of appendicitis who underwent appendectomy between 2006 and 2016 were included. Primary outcomes were incidence rates, LOS and hospital costs. Results A total of 135,025 patients were included. Some 53% of patients was male, and 64% was treated in a general hospital. The overall incidence rate of appendectomy was 81 per 100,000 inhabitants and showed a significant decreasing trend across time and age. Mean ± SD LOS per patient was 3.66 ± 3.5 days. LOS showed a significant increase with age and was significantly longer for open versus minimally invasive appendectomy. Mean ± SD hospital costs per patient were €3700 ± 1284. Costs were initially lower for open compared to minimally invasive appendectomy, but were similar from 2012 onward. Compared to non-university hospitals, patients treated in university hospitals had a significantly longer LOS and higher costs. Conclusions Appendectomy for appendicitis represents a substantial clinical and economic burden in the Netherlands. A preference for minimally invasive technique seems justified.
disease in a population, the economic burden should also be taken into account. Data on the hospital costs related to appendicitis may impact future treatment and research strategies. This is especially relevant in light of the increasing interest in the non-operative treatment approach [10] [11] [12] [13] [14] . Apart from avoiding surgery and its potential complications, non-operative treatment might also be beneficial in terms of healthcare cost savings. However, the available evidence is ambiguous [15] [16] [17] [18] . Regarding the choice of operative approach, most studies have demonstrated comparable or better clinical outcomes for minimally invasive compared to open appendectomy, however at higher medical care costs [19] [20] [21] [22] .
Several population-based studies on the incidence of appendicitis have been published, as recently summarized in a systematic review on the global incidence of appendicitis [23] . Fewer large-scale studies have taken the economic burden of appendicitis into account [24] [25] [26] [27] . No study to our knowledge has yet simultaneously evaluated both the clinical and financial burden of appendicitis and appendectomy on a population-level.
The primary aim of this study was to evaluate the burden of appendectomy for appendicitis in the Netherlands in terms of hospital costs, length of hospital stay and incidence. Secondary aims were to evaluate outcomes according to surgical approach, registration year, age and hospital setting, and explore trends.
Materials and methods

Study design and setting
The present study was a population-based retrospective observational cohort study based on the national healthcare reimbursement system, which contains data from all hospitals and medical facilities in the Netherlands. The study protocol was reviewed and approved by the Erasmus MC Ethics Committee. Requirement for informed consent was waived, owing to the observational and anonymous nature of this study.
Database
Hospital reimbursement by means of Diagnosis Related Groups (DRGs) has become common worldwide. Since 2005, medical care registration and reimbursement in the Netherlands is performed through a DRG-like case-mix system based on diagnosis treatment combinations (DBCs). A DBC contains the complete set of care activities required to establish a particular diagnosis and treatment, from first presentation to the hospital up to the last check-up [28] . DBC registration is collected in a national healthcare database: the so-called DBC Information System (DIS). All data relevant for reimbursement is registered (diagnoses, treatment activities, hospital setting, length of stay) as well as a limited number of patient characteristics. Detailed data such as type of appendicitis, complications and readmission cannot be retrieved from the DIS. The database is managed by the Dutch Healthcare Authority (NZa), an autonomous administrative authority that is part of the Dutch Ministry of Health, Welfare and Sport. For the current study, data was extracted and aggregated by the NZa, as available per March 1, 2018. Subsequent analyses were performed by the authors.
Case selection
The DIS database was queried for all patients registered with a diagnosis of appendicitis that underwent appendectomy between 2005 and 2016, as from 2016 onward the registration was not complete yet. Appendicitis was identified using specialist-diagnosis codes for appendicitis belonging to medical specializations surgery (0303; 113) and pediatrics (0316; 3302). Appendectomy was identified via specific care activity codes for open appendectomy (034910) and minimally invasive appendectomy (034911). Patients that had other surgical procedures of the appendix (i.e., periappendiceal abscess surgery or synchronous cholecystectomy and appendectomy) were excluded from the present analysis. The data for 2005 reflected less dependable registration during the starting year of the DIS database. Hence, a choice was made to limit the final case selection to January 2006-December 2015 for the most valid analysis.
Collected data
Data were collected on year of presentation, gender, age, hospital setting (university hospital, top-clinical hospital, general hospital), surgical procedure (open or minimally invasive appendectomy), length of hospital stay (LOS) and hospital costs. LOS concerns the duration of the admission from first presentation to the hospital until discharge after surgery. Admission days related to readmission(s) are not included in the same DBC. Hospital costs were calculated based on reimbursements per DBC by the hospitals in the DIS-system. Each specific DBC has a fixed price-either nationally standardized or negotiated upon between health insurers and hospitals-which covers both direct medical costs and specialists' fees. Cases representing the lowest and highest 10% of reimbursed costs were excluded from cost analysis, as per standard NZa-policy.
Outcome measures
The outcome measures in this study are: incidence (per 100,000 inhabitants), LOS (in days) and direct hospital costs (in euros). Outcomes were stratified by year of DBC registration, age and hospital setting. Dutch population statistics were retrieved from the electronic databank Statline, managed by Statistics Netherlands (CBS).
Statistical analysis
Outcomes are reported using descriptive statistics. Incidence rates are presented as number per 100,000 inhabitants. Categorical outcomes are presented as no. of cases (%) and continuous outcomes as means ± standard deviations (SD) as well as medians and interquartile ranges (IQR). The Student t test and Chi-square test were used to compare means and proportions, as appropriate. Furthermore, the CochraneArmitage test was used to evaluate trends in incidence and proportion of minimally invasive surgery over time (per registration year) and age group (per decade). A value of p < 0.05 was considered significant. The Holm method was used to correct for multiple testing [29] . Adjusted p values are reported. Data analysis was performed using Excel 2010 (Microsoft, Redmond, Washington, USA), SPSS version 21 (IBM, Armonk, New York, USA) and R version 3.5.1 (Feather Spray Package; https ://cran.r-proje ct.org/). This manuscript was written using the Strengthening the Reporting of OBservational studies in Epidemiology (STROBE) statement checklist [30] .
Results
Study population
A total of 135,025 patients met the inclusion criteria (Fig. 1) . Basic patient characteristics and outcomes are shown in Table 1 . The proportion of minimally invasive appendectomy was lower for men compared to women (42% vs. 60%, p < 0.0001). Over time the proportion of patients operated minimally invasive increased ( Table 2 ). This trend was statistically significant (p < 0.0001) for the total study population as well as for male and female patients separately.
Incidence
The overall incidence was 81 per 100,000 inhabitants (range 75-90). Incidence was higher for men compared to women (Table 1) and showed a decreasing trend over time (p < 0.0001) for the total study population ( Table 2 ) and for men and women separately as well. Incidence was highest at 182 per 100 000 inhabitants aged 10-19 years. A decreasing trend across age groups (p < 0.0001) was observed toward 23 per 100 000 inhabitants aged ≥ 80 years (Table 2 ; Fig. 2 ). 
Hospital costs
Overall mean ± SD hospital costs were €3700 ± 1284 per patient, which corresponds to national annual mean of €49,959,250 during the study period. Costs were higher for patients who underwent minimally invasive versus open appendectomy (€3817 ± 1242 vs. €3584 ± 1320, p < 0.0001).
Analysis per registration year demonstrated that the difference was significant from 2006 to 2011, but costs were in the same range or significantly lower for minimally invasive appendectomy from 2012 onward ( Table 2) . Mean costs per patient in university hospitals compared to top-clinical and general hospitals were €4244 versus €3820 versus €3598, respectively (p < 0.0001).
Discussion
The present study demonstrates that the burden of appendectomy for appendicitis is substantial and implicates that treatment by means of minimally invasive appendectomy at a general hospital is most favorable. The incidence between 2006 and 2016 was 81 per 100,000 inhabitants. And mean length of stay and hospital costs were 3.66 days and €3700 per patient. This translates into approximately 13,500 patients annually that are responsible for nearly 50,000 admission days and close to 50 million euro of hospital costs. Minimally invasive appendectomy was consistently associated with shorter LOS compared to open surgery and with comparable hospital costs from 2012 onward. In addition, treatment in university hospitals resulted in significantly longer LOS and higher costs, compared to other hospital settings. However, it is important to point out that we were unable to correct for potential confounders in this analysis, which may have influenced the results (i.e., university hospitals may have treated patients with more comorbidities, which may have affected their recovery and length of stay).
The number of patients in this cohort is an underestimation of the total population with appendicitis, who underwent surgical and non-surgical treatment. Non-operative treatment for appendicitis and incidental appendectomies were excluded as it was impossible to identify these patients from the database. Twenty-three per cent of patients with a diagnosis of appendicitis did not have a surgical procedure linked and were excluded. Clearly, this cannot entirely be interpreted as non-operative treatment of appendicitis, since a much lower proportion would be expected given the time period that was selected. Non-operative treatment has just recently been advocated as an alternative to surgery, at least in the Netherlands. More likely, for some patients the (initial) diagnosis of appendicitis may have been wrong, given that no surgical treatment was registered. At the same time, a considerable number of patients with a surgical procedure of the appendix were excluded since a diagnosis of appendicitis was missing. It is doubtful that those patients all underwent incidental appendectomies. We consider it more likely that some of them underwent a diagnostic laparoscopy under suspicion of different pathology and turned out to have appendicitis, but afterward the DBC diagnosis was not adjusted. Taken together, the actual number of patients annually treated for appendicitis in the Netherlands may be higher than presented here.
A significant decrease in incidence was observed over the 10-year study period (from 90 per 100,000 in 2006 to 78 per 100,000 in 2015, trend test p < 0.0001). This may reflect a decrease in patients presenting with acute appendicitis and/ or a decrease in the number of patients treated surgically. The decrease in incidence observed in this study seems to be in line with results from a recently published populationwide study among children in Sweden that demonstrated a significant decline in incidence of appendicitis over time [31] . Then again, a nationwide epidemiological study on appendicitis in the USA published in 2012 reported a significant increase in incidence between 1993 and 2008 [32] . The literature on incidence of appendicitis is not clear [31, [33] [34] [35] . In a systematic review on the global incidence of appendicitis, pooled incidence of appendicitis or appendectomy in the Western World was estimated at 151 per 100 000 person years and reported to be stable in most Western countries [23] . The finding in this cohort that incidence peaks among persons aged 10-19 years, and is greater among men compared to women, is consistent with previous epidemiological literature [1, 32, 36, 37] . In 2010, a new Dutch guideline on treatment of appendicitis was published, which incorporates ultrasound or CT imaging in the standard diagnostic process [38, 39] . It is plausible that fewer patients were operated as a result due to better diagnosis and a fall in the proportion of appendectomy for appendix sana. A large Dutch cohort study (n = 1943) performed in 2014 demonstrated a low negative appendectomy rate of 3% [38, 39] . Another factor that might play a role is the growing popularity of non-operative treatment and fading dogma 'when in doubt, take it out'. With a growing number of papers presenting good results for the non-operative approach, surgeons may already be less inclined to take patients straight to theater [10] [11] [12] 40] . As discussed before, the DIS database does not allow for accurate identification of non-operative treatment of appendicitis. Neither does it contain information on histopathological examination of the appendices. Therefore, it is impossible to estimate the potential effect of a supposedly decreased negative appendectomy rate and increased non-operative treatment rate in this study.
The use of minimally invasive technique significantly increased over time. This seems justified since minimally invasive appendectomy was consistently associated with a shorter hospital stay and similar costs from 2012 onward. Patients were admitted to the hospital approximately 3.5 days in case of laparoscopic appendectomy and slightly (but significantly) longer in case of open surgery (3.8 days). This finding has been reported before in a national cohort from the USA for 2004-2011, as well as other studies [36] . Interestingly, for 5% of patients not one hospital admission day was registered, which may reflect a proportion of sameday discharge patients. Several recent studies have indicated that same-day discharge is safe after appendectomy for simple appendicitis. Both the proportion of minimally invasive surgery and same-day discharge can be expected to increase in the future, which may reduce costs. No clear trend in hospital costs was observed during the study period. Within the DIS registration, patients are categorized into three groups based on length of stay, which may explain that hospital costs do not seem to increase or decrease directly following changes in length of stay. It appears as though mean hospital costs fluctuated considerably in the early years of the DIS database and stabilized somewhat toward the end of the study period. Whereas from 2006 to 2011 hospital costs were significantly higher for patients that underwent minimally invasive appendectomy, from 2012 onward this was not the case anymore. Moreover, in 2014 the hospital costs were significantly higher for patients that underwent open appendectomy. This is of interest, since most previous studies demonstrated lower or comparable costs [19, 21, 41] . Furthermore, this study only evaluated differences in direct hospital costs, whereas there may likely be additional benefit of minimally invasive surgery in terms societal costs (i.e., faster recovery resulting in less sick leave) [41, 42] . With an abundance of evidence showing that a laparoscopic technique surpasses open surgery in clinical outcomes [22, 41, 43, 44] , at similar cost as presented here, laparoscopic appendectomy should likely be the first-choice surgical approach.
In the Netherlands and several other Western countries, healthcare costs have risen over the past decades, with over 10% of the gross domestic product being spent on healthcare [45] [46] [47] . In general, long-term care for the elderly form the greater part of healthcare costs [45] . Nevertheless, acute appendicitis forms a substantial economic burden due to the large number of patients. This study indicates that appendicitis and appendectomy produced almost €47 million in hospital costs in 2015, which is 0.8% of the total €5915.6 million in hospital costs for diseases of the digestive tract in the same year according to the Central Bureau for Statistics in the Netherlands [48] . Wherever possible, the aim should be to reduce costs without compromising clinical outcomes. Based on the present results, treatment of appendicitis in general hospitals is preferable over treatment in top-clinical and university hospitals, both in terms of hospital costs and length of stay. A minor proportion (5%) of patients in the present cohort was treated in university hospitals. Presumably these patients represent a selected sample of more complex, high-risk patients and therefore require longer hospital admission and higher cost of care compared to patients in other hospital settings. Differences in length of stay and hospital costs between top-clinical hospitals and general hospitals were smaller, yet significant. In this cohort, already the majority of cases (64%) was treated in general hospitals and, assuming equivalent outcomes, this may be further encouraged. Non-operative treatment of appendicitis has also been proposed to be an economical choice [17] , at no compromise in safety according to several recent studies [11, 49, 50] . Patients treated non-operatively were excluded from this study, and the DBC reimbursement system does not allow for discrimination of operating costs from admission day costs. Hence, no direct conclusions can be drawn with regard to the cost of operative versus non-operative management of acute appendicitis based on this cohort.
Limitations and strengths
Some important limitations to this cohort study should be acknowledged. First, in a large administrative database like the DIS database some level of erroneous registration and miscoding may occur. The finding of a fairly large proportion of patients with a registered diagnosis of appendicitis without a surgical procedure of the appendix may be an indicator of this. Secondly, we were unable to further discriminate (and correct for) relevant potential confounders such as comorbidities, the type of appendicitis (simple/complex) and postoperative complications, which are known to influence length of stay and hospital costs. Unfortunately, the DISdatabase does not contain all these parameters. Nevertheless, the main strength of the study is that we were able to analyze data from all Dutch hospitals in a nationwide cohort. And despite its limitations, we believe the present study provides an adequate estimation of the substantial burden of appendicitis and appendectomy.
